To explore the possible risk factors for cesarean scar pregnancy (CSP), the incidence of which is increasing rapidly in China.
INTRODUCTION
Ectopic pregnancy in caesarean section scars, which was first defined in 1978 [1] , is a rare form of ectopic pregnancy [2, 3] , located in the scar from a previous cesarean sectio [4] , and it has become an important and serious problem over the last 10 years [5] . With the rise of the cesarean section rate [6] and the widespread use of transvaginal sonography, the incidence of cesarean scar pregnancy (CSP) is increasing rapidly [7, 8] . As reported, the incidence of CSP was 1:1800-1:2226 [9] , which was recurrent in some cases [10] , representing 6.1% of all ectopic pregnancy [11] . The disease is usually life-threatening with a high risk for uterine rupture [12] and fatal hemorrhage [9, 13] . Since we have known that large uterine defects are known risk factors for scar dehiscence, the repair of the defect to reinforce the myometrial endurance seems to be an appropriate method of treatment [14] , but not one repair surgery been suggest. It was badly needed to find the risk factors of CSP, since the earlier the recognition and diagnosis of this disease be aware of, the better the outcome would be [15] .
Previous studies determined some risk factors for CSP Breech presentation caused non-developed lower uterine segment were involved in the occurrence of CSP [7, 8] ; histories of endometrial or muscular injuries, including injuries caused by curettage, myomectomy, and hysteroscopic surgery, were correlated to a higher risk for CSP; adenomyosis, in vitro fertilization, and manual removal of placenta were also reported to be risk factors [16, 17] . In addition, the surgical technique might also affect the occurrence of CSP [7] .
The current study retrospectively analyzed the clinical information of the 79 patients with CSP in the Department of gynecology and obstetrics in Shandong Provincial Hospital affiliated to Shandong University and explored the possible risk factors for the occurrence of CSP.
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MATERIAL AND METHODS

General information
149 women who got repregnance after caesarean were included from 2011 to 2013 in Shandong Provincial Hospital, among whom 79 patients with CSP (CSP group) and 69 without CSP (non-CSP group). This study was conducted in accordance with the declaration of Helsinki and conducted with approval from the Ethics Committee of Shandong University with written informed consent was obtained from all participants.
Inclusion criteria
The inclusion criteria of CSP was according to the sonographic criteria proposed by Jurkovic et al and Vial et al. [9, 16] : (I) Doppler scans show functional trophoblastic circulation; (II) the trophoblast is mainly located between the bladder and anterior uterine wall; (III) the uterine cavity and cervical canal are empty; and (IV) thin or discontinuous myometrium between the gestational sac and bladder on a sagittal image of the uterus running through the amniotic sac. The exclusion was (I) any other uterine disease (like fibroid); (II) any congenital disease of the infant, (III) hematological disease, (IV) artificial insemination. All the clinical data of the medical history, including the general information, gathered on each participant included (Tab. 1): maternal age, chief complain, number of previous cesarean section, number of previous pregnancies, gestational age when the previous cesarean section was performed, emergency or elective surgery during the previous cesarean section, 
Statistical analysis
To find if there's any difference of the risk factors showed above, all the data were analyzed by chi-square test. A P--value < 0.05 was considered statistically significant.
RESULTS
Patient details
As shown in Figure 1A , the uterus and cervical canal were empty and the gestational sac located in the anterior part of the isthmic portion of the uterus with a diminished myometrial layer between the bladder and the sac, which could not be shown by ultrasound examination (Fig. 1A ) [18] . Intraoperative findings revealed that the bladder was densely adhered to the lower uterine segment and the gestational sac implanted through the cesarean scar. The bulging gestation sac appeared to be covered only by thin hypointense serosa and the left portion of the gestational sac had protruded through the thin hypointense serosa (Fig. 1B, C) .
The mean maternal age was 32.7 ± 5.1 years (range: 21-43) in CSP group and 32.7 ± 6.3 years (range: 23-44) in non-CSP group. No significant difference was noted between the two groups (P > 0.05). The gravidity ranged from 2 to 8 in CSP group and 2-6 in non-CSP group. All of the participants had delivered by at least 1 lower segment caesarean sections in both groups.
Gravity history information analysis
As shown in Table 1 , 11.4% (9 of 79) CSP patients had 2 or more previous cesarean sections, which was 13.0% (9 of 69) in non-CSP patients. No significant difference was noted between the two groups (P > 0.05). 87.3% (69 of 79) CSP patients were more than 37 weeks gestational age before the last cesarean section, which was 88.4% (61 of 69) in the non-CSP group, the difference was not statistically different (P > 0.05).
In addition, we found that 22.8% (18 of 79) CSP patients had pregnancies for more than 5 times and 46.8% (37 of 79) had pregnancies for more than 4 times, which were 4.3% (3 of 69) and 10.1% (7 of 79) respectively in control group. 30.4% (24 of 79) CSP patients had 3 pregnancies and 16.5% (13 of 79) had 2 pregnancies, which were 26.1% (18 of 69) and 27.5% (19 of 79) respectively in control group. Significant difference was noted between the two groups (P < 0.001).
Timing of the previous cesarean section
As shown in Table 1 , 41.8% (33 of 79) and 58.2% of CSP patients had undergone an emergency or elective surgery during the previous cesarean section respectively. Similarly, 37.7% (26 of 69) and 62.3% of non-CSP patients had undergone an emergency or elective surgery respectively. No significant difference was noted between the two groups (P > 0.05).
During the previous caesarean section, 21 .5% (17 of 79) patients in CSP group entered the first stage of labor and showed cervical dilation and shortening before cesarean section, which was noted in 43.5% (30 of 69) in non-CSP group. Significant difference was noted between the two groups (P < 0.05).
Indications for the previous cesarean section and possible risk factors for CSP
The indications for the previous cesarean section were shown in Table 1 . As shown in Table 1 , cephalopelvic disproportion was the most common indication for cesarean sections in both groups, the rate of which were 51.9% (41 of 79) in CSP group and 23.2% (16 of 69) in non-CSP group. The incidence of cephalopelvic disproportion was higher in CSP A. Cesarean scar pregnancy at 12 weeks in a woman with a history of multiple cesarean deliveries examined by MRI. Sagittal T1-weighted image of the pelvis shows an enlarged uterus and an outward bulging gestational sac (G) within the anterior lower uterine segment. A marked thinned myometrium is seen between the gestational sac and bladder (B) with a suspicion of the placenta protruding through the serosa (arrow). The endometrial and cervical canals are empty. B, C. Cesarean scar pregnancy at 12 weeks in a woman who finally underwent a hysterectomy. Intraoperative findings revealed a very thin overlying myometrium. The bulging gestation sac appeared to be covered only by thin hypointense serosa and the left portion of the gestational sac had protruded through the thin hypointense serosa (arrow) group compared with non-CSP group (51.9% vs 23.2%). In addition to the leading indication for cesarean section, we also found that the incidence of breech and shoulder presentation was higher in CSP group compared with non-CSP group (11.4% vs 1.4%). However, the incidence of indications including non-medical factors, fetal distress, pregnancy complications, and placental abnormalities were lower in CSP group compared with non-CSP group (Tab. 1).
Using Chi-square test, we analyzed the possible risk factors for CSP. The data showed that the number of pregnancies was statistically different between CSP group and non-CSP group (P < 0.001). Fewer patients in CSP-group had entered the first stage of labor during the previous caesarean delivery compared with non-CSP group (P < 0.05). The indications of cesarean sections were significantly different between the two groups (P < 0.001). The maternal age, multiple cesarean sections, gestational age, emergency or elective caesarean section showed no significant difference between the two groups (P > 0.05). More cephalopelvic disproportion was noted in CSP patients (P < 0.01). Although the incidence of breech and shoulder presentation was higher in CSP group compared with non-CSP group (11.4% vs 1.4%), no significant difference was noted (P > 0.05). In addition, no significant difference of the incidence of indications including abnormal amniotic fluid, non-medical factors, fetal distress, nuchal cord, and placental abnormalities were found between CSP group and non-CSP group (Tab. 1, P > 0.05).
DISCUSSION
The clinical presentation of CSP was nonspecific at presentation and the common symptom was vaginal bleeding with or without abdominal pain [19] . Some patients had heavy bleeding during or after dilatation and curettage. The most common method in detecting CSP is transvaginal sonographic examination and magnetic resonance imaging (MRI). MRI is useful as a troubleshooting tool and can better assess the possibility of myometrial invasion and bladder involvement, which can provide additional information for directing therapy [8, 20, 21] .
In the current study, no significant difference of ages was noted between CSP patients and non-CSP group, indicating that maternal age might not be involved in the occurrence of CSP. Similarly, the gestational age during the previous caesarean section showed no significant difference between the two groups.
Previous studies reported that the presence of cesarean scar (CS) affected future implantation, and there were significant differences in placental location between the CS and non-CS groups. The gestation sac implantation was most posterior and lower in the CSP group and fundal in the non-CS group [22, 23] . Gestation sac implantation was significantly lower in the CS group [23] . The presence of a CS scar may lead to a change in myometrial contractility and damage the integrity of the myometrial-endometrial junctionalzone.
Jurkovic et al. [9] reported that 72% of their CSP patients had undergone multiple (≥ 2) caesareans and they considered multiple previous caesareans a risk factor of CSP. The limitation of their studies was sample size, which was only 18 CSP patients in their study. However, Chuang et al. [24] and Maymon et al. [25] found that the number of previous caesareans might not be a risk factor. In consistence with Chuang et al and Maymon et al studies [24, 25] , we found that only 11.4% of CSP patients had undergone caesareans for more 2 times which was 13.0% in non-CSP group. Multiple caesareans might not be a risk factor for the occurrence of CSP, although multiple caesareans may increase scar surface area.
On the contrary, we found that CSP group had more previous pregnancies compared with non-CSP group. The data indicated that multiple pregnancies may be a risk factor for the occurrence of CSP. Multiple pregnancies may result in endometrial or muscular injuries, especially when dilatation and curettage is used to terminate the pregnancy.
We found that only 21.5% of CSP patients entered the first stage of labor before the previous caesarean section, which was significantly lower compared with that of non--CSP group. These data indicated that absence of the first stage of labor might be a risk factor for the occurrence of CSP. During the first stage of labor, with the regular uterine contractions, the effacement and dilatation of cervix happened. When the operations were performed before entering the first stage of labor and in a non-developed lower uterine segment, the cesarean incision site might be imprecise. Finally, Maymom et al found that the healing processes following the operations might facilitate implantation of the blastocyst within the scar [7, 8] .
In the current study, cephalopelvic disproportion was the most common indication of caesarean section. More than 50% of CSP patients had underwent caesarean section due to cephalopelvic disproportion during the previous caesarean section, which was significantly higher compared with non-CSP group. In addition, more breech presentation and shoulder presentation were noted in CSP group compared with non-CSP group, indicating that breech presentation and shoulder presentation might be risk factors of the occurrence of CSP. The mechanism underlying the correlation between indications for caesarean section and CSP is that cephalopelvic disproportion, breech presentation and shoulder presentation can cause a non-developed lower uterine segment.
In the current study, the cesarean sections included emergency surgeries and elective surgeries. Many expectant women chose elective surgeries for complications or non--medical reasons while others indeed need an emergency cesarean section due to medical reasons, including serious complications. The distribution of the two surgeries showed no significant difference between CSP group and non-CSP group. The data suggest that the indication of the surgery but not the types of the surgeries is the risk factor for the occurrence of CSP.
Taken together, multiple pregnancies, absence of first stage of labor, the indications of the previous caesarean section, might be risk factors for the occurrence of CSP. Conversely, maternal age, multiple cesarean sections, gestational age, emergency or elective caesarean section showed no significant difference between CSP group and non-CSP group.
The difference in surgical technique might also be involved in the occurrence of CSP. However, a larger series study would be needed to further elucidate these issues. This is also the main limitation of this study due to its retrospective design.
The rapid increasing number of patients with scar pregnancy in China reflects that caesarean sections are being widely performed due to medical or non-medical reasons. The decrease in use of the unnecessary caesarean sections will be an effective way to reduce the incidence of CSP.
This study was conducted in accordance with the declaration of Helsinki and conducted with approval from the Ethics Committee of Shandong University with written informed consent was obtained from all participants.
